In recent years, several studies have addressed a possible relationship benteen nitrate exposure and childhood type 1 insulin-dependent diabetes meilitus. The present ecologic study describes a possible relation between the incidence of type 1 diabetes and nitrate levels in drinking water in The Netherlands, and evaluates whether the World Health Organization and the European Commission stndard for nitrate in drinking water (50 mg/L) is adequate to prevent risk of this disease. During 1993During -1995 Even though experimental data raise serious concern about the formation of Nnitroso compounds and carcinogenic risk, the epidemiologic evidence for an association between the intake of nitrate and cancer is regarded to be insufficient. Therefore, the World Health Organization (WHO) guideline value for nitrate in drinking water (50 mg/L nitrate units as nitrate ion) was established solely to prevent methemoglobinemia (6). In the European Union, the maximum admissible nitrate level in drinking water was also set at 50 mg/L (A). In a recent review on the role of drinking water nitrate as a cause of infantile methemoglobinemia (7), it was concluded that the standard of 50 mg/L might be unnecessarily strict and that gastrointestinal infection and inflammation and the ensuing overproduction of nitric oxide may be the cause of infantile methemoglobinemia attributed to drinking water nitrate (8). In our view, however, rather than raising the standard of nitrate to levels > 50 mg/L, other adverse health effects of nitrate exposure should be taken into consideration. We suggest that the present drinking water guideline value for nitrate of 50 mg/L needs to be reconsidered for multiple reasons. Even though the guideline value is aimed at the protection of infants as the highest risk group against methemoglobinemia, cases of methemoglobinemia as a result of exposure to nitrate in drinking water < 50 mg/L have been reported (59. In a previous study (1), we observed increased hprt variant frequencies in lymphocyte DNA of subjects who used private well water with nitrate levels below the guideline value of 50 mg/L as drinking water. Also, formation of the carcinogenic N-nitrosodimethylamine was observed during uptake of nitrate at the acceptable daily intake level-corresponding with the standard of nitrate in drinking water-in combination with nitrosatable
6.4441.19 mg/L nitrate); the other wa based on cut-off values of 10 and 25 mg/L nitrate. We determined standardized incidence ratios (SIRs) for type 1 diabetes in subgroups of the 2,829,020 children with respect to both nitrate exposure categories, sex, and age and as compared in univariate analysis wing the chi-square test for trend. We compared the incidence rate ratios (IRRs) by multivariate analysis in a Poisson regression model. We found an effect of increasing age of the children on incidence of type 1 diabetes, but we did not find an effict of sex or of nitrate concentration in drinking water using the two exposure categories. For nitrate levels > 25 mg/L, an increased SIR and an increased IRR of 1.46 were observed; however, this increase wa not statisticaily significant, probably because of the small number of cases (15 of 1,064). We concluded that there is no convincing evidence that nitrate in drinking water at current exposure levels is a risk factor for childhood type 1 is rapidly oxidized to nitrate. In the bloodstream, nitrite is involved in the oxidation of hemoglobin to methemoglobin, resulting in the impairment of oxygen transport. Nitrite may also react in the stomach with amines and amides to form N-nitroso compounds, which have genotoxic properties (1, 4 , and may also play a causative role in the initiation of gastric cancer (3) . A role of N-nitroso compounds in the etiology of cancer of the esophagus and nasopharynx (4) as well as a linkage between the occurrence of nonHodgkin lymphoma and nitrate exposure have been suggested (5) . Furthermore, a relationship was discovered between nitrate exposure and congenital malformations, in central nervous system defects in particular, but the evidence was found to be inconclusive (3) .
Even though experimental data raise serious concern about the formation of Nnitroso compounds and carcinogenic risk, the epidemiologic evidence for an association between the intake of nitrate and cancer is regarded to be insufficient. Therefore, the World Health Organization (WHO) guideline value for nitrate in drinking water (50 mg/L nitrate units as nitrate ion) was established solely to prevent methemoglobinemia (6) . In the European Union, the maximum admissible nitrate level in drinking water was also set at 50 mg/L (A). In a recent review on the role of drinking water nitrate as a cause of infantile methemoglobinemia (7), it was concluded that the standard of 50 mg/L might be unnecessarily strict and that gastrointestinal infection and inflammation and the ensuing overproduction of nitric oxide may be the cause of infantile methemoglobinemia attributed to drinking water nitrate (8) . In our view, however, rather than raising the standard of nitrate to levels > 50 mg/L, other adverse health effects of nitrate exposure should be taken into consideration. We suggest that the present drinking water guideline value for nitrate of 50 mg/L needs to be reconsidered for multiple reasons. Even though the guideline value is aimed at the protection of infants as the highest risk group against methemoglobinemia, cases of methemoglobinemia as a result of exposure to nitrate in drinking water < 50 mg/L have been reported (59. In a previous study ( (12, 13) . A nitrosamine-rich diet of smoked and cured meat induced damage to pancreatic 5-cells and diabetes in mice (14) . In an investigation in humans it was suggested that the nitrosamine content of smoked mutton after consumption by the parents caused diabetes in the progeny (15) . In the Swedish Childhood Diabetes Study (a case-control study), a dose-response relationship was observed between the frequency of intake of foods rich in nitrosamines, nitrate, and nitrite, and type 1 diabetes (16, 17) . A Finnish case-control study indicated that high dietary intake of nitrite in children was related to type 1 diabetes, but there was no effect of intake of nitrate or nitrite via drinking water (18) . In a case-control study in Australia, no relationship was found between estimated intake of nitrosamines from food and type 1 diabetes (19) .
In Yorkshire, England, Parslow et al. (20) reported a positive association between nitrate levels in drinking water > 14.85 mg/L and the incidence of type 1 diabetes. An ecologic analysis in the United States also suggested a positive correlation between lowlevel nitrate exposure through drinking water and type 1 diabetes at nitrate levels < 10 mg/L (21). It should be emphasized that the possible 1-cell destruction due to endogenous formation of N-nitroso compounds from nitrate is also dependent on other factors such as the presence of amines as nitrosatable precursors, the pH of the stomach, and the presence of inhibitors of nitrosation, such as ascorbic acid.
In The Netherlands, the incidence of type 1 diabetes mellitus has been increasing for several years (22, 23) . Of particular interest is that between 1990 and 1995 the incidence of type 1 diabetes in children 0-4 years of age has doubled (24) . From 1980 to 1995, the incidence of type 1 diabetes mellitus in children 0-14 years of age increased from 11.1 to 14.6 per 100,000/year, which implies a rise of 32% in 15 years (24) . This increase in incidence of type 1 diabetes mellitus has been found in several countries (25) . The increase of 32% in 15 years cannot be explained by a change in the genetic pool of the general population; it could be suggested that environmental factors may play a role in this increase. Possible dietary factors that may be related to type 1 diabetes are nitrosamines (16) and zinc as well as nitrate concentration in drinking water (20, 26) .
The aim of our study was a) to investigate the possible association between nitrate in drinking water and the incidence of type 1 
Research Design and Methods
We assessed the geographic differences (based on postal code areas) in incidence of type 1 secondary source of concurrence. The registration covers the child's date of birth, the date of the first insulin injection, the place of residence at the time of the first insulin injection (postal code), and the country of origin of both parents (24) . We obtained population data for three groups of children 0-14 years of age: 0-4, > 4-9, and > 9-14 years of age, including male/female distribution data in all postal code areas, from Statistics Netherlands (27) (Table 2) , and equal population numbers (Table 3) ]. Thus, both the univariate and multivariate analyses show no effect of nitrate drinking water levels on the incidence of type 1 diabetes. No effect of sex on the incidence of type 1 diabetes was observed. However, a clear effect of increasing age among children 0-14 years of age on the incidence of type 1 diabetes was observed in both the univariate and multivariate analysis. No effect of possible interaction between nitrate levels, sex, and age was observed. In addition, when nitrate concentrations were studied as a continuous variable, there was no effect on the incidence of type 1 diabetes (p = 0.65).
Discussion
Recently, Parslow et al. (20) found a positive association between nitrate levels > 14.85 mg/L in drinking water and the incidence of type 1 diabetes in Yorkshire, north-ern England. This paper was published after the 1996 revision of the guidelines for drinking water quality (6) . Such an association at drinking water levels below the target value of 25 mg/L set by the EC (29) We cannot confirm the conclusion of the Yorkshire study (20) that nitrate in drinking water may be a precursor of chemicals which are toxic to the pancreas. The results of our study are also in contrast with an ecologic analysis in Colorado. Kostraba et al. (21) suggested a positive correlation between nitrate levels < 10 mg/L and the incidence of type 1 diabetes mellitus. They found an increased risk in the third tertile of water nitrate levels (0.77-8.2 mg/L) as compared to the first tertile (0.0-0.084 mg/L). Lower nitrate levels were observed in the Colorado study than in our study; nitrate levels in the third tertile were even below the range of our third tertile of 6.44-41.19 mg/L. In our study, > 18% of the subjects were exposed to nitrate levels > 10 mg/L; therefore, it was possible to study differences in the effect of nitrate in drinking water on the incidence of type 1 diabetes above and below 10 mg/L. The nitrate level categories, which were based on equal numbers of children (0.25-2.08, 2.10-6.42, and 6.44-41.19 mg/L), made it possible to study an effect already occurring < 10 mg/L. No effect of increased nitrate levels in drinking water on the incidence of type 1 diabetes was observed in either category. This result is in contrast with the result of the Colorado study. The Colorado study used a simple linear regression analysis between nitrate levels and the incidence of type 1 diabetes (p-value = 0.03), which is less suitable for an ecologic analysis than the models used in Yorkshire and in our study.
The evidence that increased intake of nitrate, nitrite, and N-nitroso compounds can lead to increased incidence of type 1 diabetes is conflicting. Case-control studies applying food frequency questionnaires show both negative [an Australian study (19) ] and positive [a Swedish study (16) ] effects of intake of foods with high nitrosamine content. In the Swedish study (16) , intake of food rich in nitrosamines and intake of food rich in nitrate and nitrite were associated with increased incidence of type 1 diabetes, whereas a Finnish study showed an effect of intake of nitrite-but not of nitratein food, but no effect of intake of nitrate and nitrite via drinking water (18 (31, 32) . As an example, a 10-fold increase in risk was observed in the Swedish study (17) when combining a variable measuring infectious disease with the frequency of food consumption containing nitrosamines.
However, this role for nitrosamines as nutritional factor still has to be proven. Haverkos (3 mentions that this hypothesis involving nitrosamines is one of several possible combinations of environmental factors associated with type 1 diabetes mellitus.
There is no convincing evidence that the intake of nitrate in The Netherlands at present levels in drinking water leads to increased risk of diabetes mellitus type 1, although our results indicate the possible presence of a threshold value > 25 mg/L. The possible role of nitrate in a multifactorial process cannot be excluded. Environmental factors are still considered to play an important role in the etiology of type 1 diabetes mellitus. In a study of incidence of type 1 diabetes among Moroccan children in The Netherlands (children whose parents both emigrated from Morocco, which is considered a low risk area for type 1 diabetes), the incidence was 1.5 times higher than that of Dutch children (33) . Again, environmental factors may play an important role in this phenomenon. The sharp rise (78%) in incidence of type 1 (6,2: ).
